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ABSTRACT 
BRANDON THOMAS MCDANIEL: Predator diet affects perceived oviposition site 
quality for mosquitos. 
(Under the direction of Dr. William J. Resetarits Jr.) 
 
 
 Ovipositing freshwater organisms rely primarily on cues to determine site quality 
(Silberbush and Blaustein 2008) and to select an ideal habitat for their offspring (Resetarits 
2014). Characteristics of high quality oviposition sites that yield the greatest fitness for offspring 
include the absence of predators and high resource availability that allows for optimal growth and 
development (Kershenbaum et al. 2012). It has been shown that predator presence is a large 
deterrent of oviposition due to threats of offspring survival, however, there is a little information 
about the predatory cues mosquitoes experience before ovipositing (Angelon and Petranka 2002). 
One hypothesis is that fish may release a diet-dependent kairomone that alerts the mosquitoes of 
mosquito predators (Eveland et al. 2013). In order to test this hypothesis, we conducted an 
experiment to determine whether Fundulus chrysotus (golden topminnow) and Lepomis cyanellus 
(green sunfish) produce kairomones that alert mosquitoes of their presence. Furthermore, we 
tested whether these kairomones were dependent on predator diet. To determine this, we 
compared three treatments: 1) Fed fish, 2) Gut-cleared fish, and 3) a predator-free control pool. 
For both fish species, Fed fish repelled mosquito oviposition. Mosquito oviposition in pools 
containing F. chrysotus did not show a significant difference between Fed and Gut-cleared 
treatments; however, oviposition in pools containing L. cyanellus showed a difference in 
oviposition rates between the Gut-cleared and Fed treatments. The Gut-cleared and control 
treatments shared a higher oviposition rate than the Fed treatment. Our data suggests that the 
effect of diet on kairomone production could be species- specific. Further research must be 
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conducted to isolate this potential chemical cue and learn more about the effects of kairomone 
production and detection by prey in aquatic ecology. 
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Introduction 
Mosquitoes are important disease vectors with a complex life history that utilizes 
freshwater habitats for their aquatic larval stage. In order to control high populations of 
these vectors, it is crucial to understand the factors that affect oviposition — or egg 
laying behavior. Mosquito larvae are highly palatable to many aquatic predators (DuRant 
and Hopkins 2008), and mosquitoes can increase their fitness by detecting and avoiding 
oviposition sites containing predators (Silberbush and Blaustein 2008). Mosquitoes avoid 
predators by detecting predator-released kairomones, which are chemical cues that 
benefit the receiver, but not the emitter (Silberbush et al. 2010). Mosquitoes utilize 
kairomones in order avoid oviposition in predator present habitats. Mosquitoes strongly 
avoid many fish species, which are natural mosquito predators. However, some fish 
species have had inconsistent effects on mosquito oviposition and we have hypothesized 
that these variable results are related to predator diet (Staats et al. 2016). 
Dietary chemical cues may be necessary for predator detection by ovipositing 
mosquitoes, such as C. restuans (Fig. 1), while non-feeding fish may be undetectable. 
Kairomone production is speculated to be a secondary metabolite unique to different 
aquatic vertebrates and invertebrates alike. Production of such kairomone could be a 
byproduct of normal physiological anabolism or catabolism. Furthermore, kairomone 
identification and isolation has been explored, however, a singular chemical cue has not 
been discovered in fish.   
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Fig. 1 – Photo of Culex restuans (Ilona 2010) 
In order to test the hypothesis of dietary kairomones, we conducted a field 
experiment with fed and gut-cleared fish of two species, the golden topminnow 
(Fundulus chrysotus) (Fig. 2), which has strong, consistent effects on mosquito 
oviposition and the green sunfish (Lepomis cyanellus) (Fig. 3), which has inconsistent 
effects on mosquito oviposition. 
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Fig. 2 – Lateral photo of Fundulus chrysotus (Tomelleri 2015) 
Fig. 3 – Lateral photo of Lepomis cyanellus (TPWD) 
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Methods 
Study Site 
 The experiment was conducted June-July 2017 at the University of Mississippi 
Field Station (UMFS) in Abbeville, MS (34.432377, -89.390321). UMFS is a 740 acre 
location used for field studies by various departments at the University of Mississippi. 
The UMFS also has a broad range of habitats including ponds, streams, bottomland 
forests, opens fields, and wetlands, which make it an ideal location to conduct ecological 
research. All organisms used in the experiment are native species of the UMFS.  
 
 
 
Fig. 4 – Example of Field Station topography and environmental habitats.  
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Model Organisms  
 Culex restuans is a species of mosquito found in the family Culicidae. They have 
a complex lifecycle in which adults are terrestrial and use water bodies to oviposite their 
offspring (Harrington and Poulson 2008). C. restuans inhabit parts of the United States as 
well as northern Mexico and southern Canada (Andreadis et al. 2001). Adult C. restuans 
typically are 4 -10 mm in length and mainly have an ornithophilic diet (Molaei et al. 
2006). C. restuans are also known for being vectors of St. Louis encephalitis and West 
Nile Virus (Andreadis et al. 2001).  
 Lepomis cyanellus, or green sunfish, is a ubiquitous and hardy freshwater fish 
found in the family Centrarchidae. Adult green sunfish range from 7.5 – 18cm in length 
and have a maximum weight of 450g. Green sunfish inhabit many freshwater ponds in 
North America and have been widely introduced to parts across Europe and Asia. Their 
diets include small fish, zooplankton and invertebrates (Philips 1982).   
 Fundulus chrysotus, or golden topminnow, is a freshwater fish and member of the 
family Fundulidae. As an adult, the golden topminnow can reach sizes of 7.5 cm in length 
(Burr, Brooks, Lawrence 1991). Due to its small size and gape, the golden topminnow 
feeds on invertebrates including Gastropoda, Ephemeroptera, Chironomidae, and 
Coleoptera (Burr, Brooks, Lawrence 1991). The golden topminnow is found across the 
Southeast region of the United States and occupy swamps, sloughs, and small to medium 
rivers (Burr, Brooks, Lawrence 1991).  
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Experimental Design- 
Our field experiment (Fig. 4) assayed natural populations of the mosquito C. 
restuans on their oviposition preferences. We collected 12 L. cyanellus from local ponds 
and placed them into 37.9 L aquaria. Each aquarium was kept in a 71°F room with a 
12:12 photoperiod. The 12 fish were evenly and randomly split into two treatments: Fed 
and Gut-cleared. All L. cyanellus had a length of 6-7 cm while F. chyrsotus were 5-6 cm.  
The array consisted of nine small, black, oviposition pools (plastic tubs; 66 × 45 × 
16 cm, 30 L) (Fig. 5) encircling a central bait pool (1m diameter x 18 cm in height, 141 
L) (Fig. 4).  All oviposition pools were 1.48 m from their nearest neighbor. Each of the 
three treatments (Control, Fed, Gut-cleared; k = 3) were represented three times in each 
of two arrays (n = 3 x 2 = 6; N = n x k =18). Treatments were not randomly distributed 
among pools to avoid possible risk of contagion effects (Resetarits and Binckley 2009). 
The design was created in order to always have the same oviposition site treatments on 
any one side of the array. Arrays were treated as blocks and were separated temporally, 
but not spatially. Thus, the same experimental array was reconstructed in the same 
position after the conclusion of the first array. Each oviposition pool received 100 g of 
leaf litter (a nutrient source) and a predator cage made of a plant potter with mesh sides 
(32cm diameter, 1.13 x 1.3mm mesh). The central bait pool received a nutrient-rich 
solution that is attractive to mosquitoes. The solution was created by mixing 0.5 kg of 
dog food, 0.5 kg of rabbit food, and 2.5 kg of leaf litter. The solution was then left in the 
sun for 48 hours. A tight-fitting mesh screen (1.13 x 1.3mm mesh) was fastened to the 
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central bait pool to prevent mosquito oviposition, however, the oviposition pools were 
always open to oviposition. 
 Prior to the start of the experiment, both Fed and Gut-cleared fish experienced 7 
days of treatment in the indoor aquaria. Fed L. cyanellus consumed bloodworms (Omega 
One: Frozen Bloodworms) 0.5 g while the Gut-Cleared treatment was not fed. Each fish 
was then paired with another fish exposed to the same treatment, but all fish were 
individually maintained in separate aquaria. Each pair was assigned to a pool in the 
circular experimental array through which each fish would rotate once per day. Only one 
fish of each pair was in the experimental array at any given time. This method ensured 
that Fed fish were feeding during the course of the experiment. Feeding outside of the 
array also ensured that water qualities did not change due to introduced food. Gut-cleared 
fish also experienced rotation between the holding tank and the experiment to maintain 
consistencies of treatments. The six L. cyanellus in the Fed treatment were fed with 0.5 g 
of blood worms each morning, while the other six individuals were not fed. 
Fundulus chrysotus retained the same experimental procedures, however F. 
chrysotus were fed zooplankton instead of bloodworms because they are surface feeding 
fish with a primarily plankton diet. Zooplankton were collected each day from the margin 
of a fishless pond using a plankton net where 15.1 L of pond water was filtered into a 50 
mL aliquot, which was then administered to the Fed treatment of F. chrysotus. 
Each array (block) was open to colonization from natural populations of 
mosquitoes for 8 days. Each morning, mosquito egg rafts were quantified and removed 
from each pool. After egg raft collection, paired fish were rotated out. Once returned to 
aquaria, Fed fish were held in aquaria overnight and fed the following morning. Each 
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experiment took place for 8 days alternating the fish daily. Following each experiment, 
all fish were massed and photographed. 
  
We used two separate mixed model analyses (Type III Satterthwaite Approximate 
F Tests) to compare the total number of egg rafts between treatments for each predator 
species. The total number of egg rafts were square-root transformed ( 𝑋 ± 0.05). As a 
post-hoc test, we used Tukey’s honest significant difference test (Tukey’s HSD) to 
identify treatment differences. All analyses set α = 0.05 and used sciplot v1.1.1 (Morales 
and R Core Team 2012), mixed models v1.1.17 (Bates, Maechler, Bolker, Walker 
(2015)), ANOVA v3.0.1(Kuznetsova, Brockhoff, and Christensen (2017)), and multcomp 
v1.3.2 (Hothorn, Bretz, and Westfall 2008).   
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Fig. 5 - Position diagram of treatment array. Abbreviations 
refer to the following: C – control, F – Fed, G – Gut-cleared, 
and BP – bait pool. The design was created in order to 
always have the same oviposition site treatments on any one 
side of the array. 
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Fig. 6 - This is a cross- sectional view of each fish pool. They key is as follows: 
A.  Fish Cage                                             D.  Mesh Siding 
B.  Water                                                    E.  Fish (L. cyanellus pictured) 
C.  Leaf Litter                                             F.  Pool Container 
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Fig. 7 – Photo of individual oviposition site within array.	
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Results 
Lepomis cyanellus treatments had a sample size of 613 mosquito egg rafts while 
Fundulus chrysotus treatments had a sample size of 496 mosquito egg rafts. There was a 
significant effect of treatment on total number of egg rafts for both L. cyanellus (F2,15 = 
7.11, p = 0.007) and F. chrysotus (F2,14 = 39.53 , p < 0.001) (Fig. 6). However, patterns 
differed by species. With respect to L. cyanellus, there was a significant difference 
between Fed treatments and Control and Gut-cleared treatments (p < 0.05); however, 
there was no difference between Control and Gut-cleared treatments (p = 0.737). Control 
and Gut-cleared oviposition rates were similar suggesting a clear role for dietary cues 
eliciting a response. This pattern did not hold for F. chrysotus as both Fed and Gut-
cleared treatments were significantly different from Controls (p < 0.05) while oviposition 
rates did not differ between Fed and Gut-cleared (p = 0.621).  
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Fig. 8 - The effects of fish diet (left = F. chrysotus, right = L. cyanellus) on oviposition 
responses of Culex restuans. Mosquitoes significantly avoided Fed fish of both species, 
but Gut-cleared fish effect differed by species. Gut-cleared F. chrysotus, but not L. 
cyanellus, were significantly avoided. Letters denote significant differences within 
species (Tukey’s HSD, p < 0.05).  
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Conclusion 
Our results indicate that predator diet has species- specific effects on mosquito 
oviposition site choice. Within L. cyanellus treatments, the Fed treatment had 
significantly lower rates of oviposition compared to the control and Gut-cleared 
treatments. However, the effects were species-specific because F. chrysotus were always 
avoided, whether Fed or Gut-cleared. These results indicate that F. chrysotus produce a 
kairomone independently of their diet. We have speculated that the kairomone may be a 
secondary metabolite, however, further research must be conducted to confirm its 
identity. The effects of diet were clear for L. cyanellus, with Fed fish having very strong 
effects compared to Controls and Gut-cleared fish, which did not differ significantly. 
Mosquito oviposition seems to rely on kairomones generated through L. cyanellus diet 
and normal metabolism in F. chrysotus.  
While both species are well known for their mosquito larvae diet, there may be 
several factors that make F. chrysotus the bigger predation threat compared to L. 
cyanellus. Fundulus chrysotus are a surface feeding fish that primarily feed on 
invertebrates. Egg rafts sit on the water’s surface. Along with their feeding location, F. 
chrysotus is also a gape-limited hunter which severely restricts its diet variety. Their 
small gape makes small surface egg rafts the ideal food source. In comparison, L. 
cyanellus have a larger gape allowing them to consume a larger variety of prey within a 
pond thus making egg rafts less critical of a food source.  
23	
	
A possible explanation between the effects of predator presence may be attributed 
to coevolution and adaptation to species- specific feeding mechanisms. It is advantageous 
for mosquitos to oviposite in predator- free bodies of water to ultimately preserve their 
species. Survival of egg rafts in a predator free environments would lead to a selection of 
mosquito traits that have the ability to detect predators. As a result of reproductive 
success, mosquito fitness will drive the evolution of kairomone detection traits and 
actively select safer oviposition sites. Patterns of oviposition selection with predation 
avoidance has been found in other species and is a general trend within ovipositing 
animals (Sendoya et al. 2009, Society 2013). 
By understanding cue identity, we can further decipher the factors and process 
involved in mosquito oviposition. Isolation of a chemical cue could lead to vector control 
through repellent and habitat avoidance. Instead of using pesticides that may lead to 
ecological damage, utilizing a natural prey chemical cue could offer a more natural route 
to control West Nile Virus and St. Louis Encephalitis.  
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